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Development of Functional Flow Block Diagrams

. TOP-LEVEL DIAGRAM

—— © FIRSTLEVELFLIGHT MISSION:

. . *, 3 s

ascent | Jeuezexour] |Tmansrer|. PERFORM | \. I TRANSFER RETRIEVE |39 REENTER
INvO oamir|:: [ ]l to i+ | mission .
INJECTION pEPLOY ors omreit |{™ ©OPERA.
o TIONS

3.0 137\ 4.0

TO
$TS ORBIT LAND

2.0

1.0

. . R 1 conms.
. YA GENCY

v ' : OPEMA.
S : TIONS

- . ‘ . 5.0

SECOND-LEVEL DIAGRAM

RC,

e SECOND LEVEL: 4,0 PERFORM WISSION CRERAT,

TRANSFER PROVIDE 1 »moviox proviOE |~ . '
10 ors | | ELecTmic | ATTITUDE THERMAL | | .
| onmir =P rowsn #1 stasiu. {~®] coNTROL [ )

ZATION
4.1 42

{3.0) REF.

A kS

PROVIDE RECEIVE STORE/ "I Acauirg TRANSMIT .
ORSIT CcMD pProcESS | f:. PIL PAYLOAD &
MAIR (HI-GAIN) CMD DATA
45 4.7 ~A\l4.8
RECEIVE ‘cs%unm . TRANSMIT
cMO SYSTEM UBSYSTEM ,
{OMN1) STATUS DATA | .
RAIA
48 49 4,11 B
THIRD-LEVEL DIAGRAM ]
IR :...THIRD LEVEL: 4.8 ACQUIRE PAY
e M ey t oo . * ° D T N "
STORS! IR S . TRANSMIT
PROCESS . PIL DATA
q cmos : .
' (4.10) meF |':
| w7 mer . 1.0 3
'} coMPUTE SLEW TO COMPUTE SLEW S/C CMD ERP, PROCESS RADAR
oy vosz:nsua & TRACK TO rofr%nn Y0 Los W, REC. 10
‘ DRS STANDS SIGNAL |
=| veeror T \ VECTOR YECTOR RADAR ON Jlona 1 STANOBY
-[4.8.1 482 4.6.3 4.8.4 485 48.6 48.7
(SPACE) - ’ R L

UPDATE UPDATE IDENTIFY COMPUTE SELECT DETERMINE
. TDRS TORS Los L RANGE ERP, PW, OPTIMUM '°c“3‘o"
EPHEMERIS [P ePHEMERIS [~P{LATITUDE & |—b AT, Los LOAD
v+, |LONGITUDE INT, SEQUENCE
4.8.10 148,11 - la.8.12 4.8.13 4.8.14 4.8.16




~’

Trade-Of f

Analysis Methodology

DEFINE
OBJECTIVES
AND
REQUIREMENTS

v

IDENTIFY
ALTERNATIVES

T

FORMULATE
SELECTION
CRITERIA

v

WEIGHT
CPATERIA

Y

PREPARE
UTILITY
FUNCTIONS

v

EVALUATE
ALTERNATIVES

Y

PERFORM
SENSITIVITY
CHECK

4

SELECT
PREFERRED
ALTERNATIVES

ELIMINATE
SENSITIVITIES

v

EXECUTE
DECISION

@2




jﬂ!‘l«].]j\ll‘.}f Eaant e R R D R B SRR A e R - - S B - < IE - - -
"t

E%)

0c wi 0
suojldund
Aumn _
0t
uolssiw
on3 + l/4 + | _suensy
siajaweied
waisAs
Ayiqe Awqixe(d
Ajigejiea A elle
Hiqejjeay | X Auqetey -aBURY2IBIY] + [BoluyoeL 4 @orpaly| +| sisuueys

aJuewso0)iad pue Aiiqepuadaqg eduewioped
Ayjiqejieay  wolsAs [eojuyde ]
10 suojsudwiq

Alginn
welsAs
feduyoa L

= PO\ UOl}enjeA3 olpeYy
Vv JO &:njonnis payliduis v




(1ausi3)
seasy Ayeroeds 48410 —

Aujgeledwon jeluswuonAug —
6ujures) —

Aigeladossiu] —

joAu0)H pue uonjuyeq adepu] —
jo4u09 uopesnbyuoy —

AN08g —

Aejes —

S10)0B4 UBLINK —

sisleuy Ayjiqe(eAy
pue ‘Aupqeuieiviey ‘Auliqeliey —

sealy Ajjeidads
Buiisauibuyzy

suojledioads J0 UOREIDUDY) —
sisAjeuy Gupseuibuz-uononpold —
uonezjundo —

sishjeuy 1509 8j0AD-0)1T —
Sueouibuz onsiboT —

siseyiuAs —

uonedlolly —

sisAjeuy Jeuopound —

sishjeuy slusweinbey UOISSIN —

§§9%04d
Buisosujbuy swalsAs

{0JIU0D uoHEBILBWND0Q —
uonezLoYINY YoM —
SMBIABH JOPUIA —
smeyey jeojuyoe) —

juswainsesy
adueulousd |edjuydsl —

$58201d |0U0)) pliE uoIsIveq —
Bujuueld 159; WwelsAS —
sisAjeuy sy weibosd —

80J1 uoneoyoeds pue
9INIONNS UMOPYHESIT MIOM —

josyuoy pue Buiuue|d
wesbold jeoiuydsst

=91n}onlls juawabeuepw bHundaulbujg

INFNIOVNVYIN ONIHIINIONI SWIALSAS

SWwalsAs Y=




C
Time Scope

SOFTWARE
ENGINEERING

SYSTEMS
ENGINEERING

—4— Bujuojssiwodnq

_j uonedyipon
% uopessdp

tueswdojeraq
jenug

~4—juswdojorag-2id

Level of

Involvement

=




Systems Engineering "Versus"
Software Engineering

Systems Engineering  Software Engineering

Alternative Design Methods H | M
Multidisciplinary Orientation H | L
Requirements Analysis & Prototyping H | M
Criteria-Based Trade-Off Analysis H | L
Detailed Software Specifications M | H
Optimal Software Production M | H
Methods Integration (Re-) Planning M | L
Education & Training Curricula M | M
Artifact Profiling M | M
Applications Range Assessment M | M
Measures & Standards M | M
Processes/Metrics Introspection M | M
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Interactive Requirements
Modeling & Prioritization & System
Concept Design

for

Rouge River Decision Support
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Elicitation Modeling ldentitication
of System of System of Implementaticn
Requirements Requirements Constraints
\ Require-
ments
Priorlti-
Interactive zation
Requirements
MOde“ng Altﬂevr:a-
for System
Rouge River | Design
Decision Support
Trade-
Off
/ Analyses

Requirements Interactive System Concept
Validation Prototyping Specification




The Process

Collect Requirements Data Via Individual & Group
Discussions & Via Codified Requirements Data

Document Requirements Data -- Not in Elaborate
"Specs" -- But in a Form that Lends Itself to Analysis &
Modification

Organize the Requirements Data in Alternative Forms for
Iteration -- Such as in Simple Outline Form & in a
Hierarchical Form

Assess, Rank-Order, Trade-Off -- "Reconcile" Requirements

Identify Off-the-Shelf & Existing Special Purpose
Applications Programs & Implementation Environments

Match the Requirements to the Existing Systems
Develop a System Requirements Specification that Lies

at the Intersection of Requirements, Existing Systems &
Constraints

@@
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Some Special Assumptions
& Features of the Process

 The Process Assumes the Value of "Participatory Design"

» The Process Assumes the Value of Iterative Design &
Prototyping -- to a Point!

« The Process Assumes the Value of a Life Cycle-Driven
System Development Methodology

 The Process Assumes the Need to Make Requirements
Explicit & to "Model" Requirements to Determine What are
the "Most," "Moderately,"” and "Not Quite as" Important
Requirements

 The Process Assumes the Stupidity of Re-Inventing the
Wheel

* Requirements will Be Captured, Modeled & Communicated
to All "Stakeholders” During the Process




Requirements Modeling --> Prototyping
Process --> Management Plan

Step 1 Step 2 Step 3
. Model Assess User/
Gather/Elicit . .
. Requirements Technological/
g::‘:""me“‘s — | via "Political”
Working Group Constraints
Step 4 Step 5 Step 6
Assess Develop Develop
Existing . Criteria to
Models, Tools & —> Agtsesrna[;w? —> Evaluate
Environments (DSS) Designs Designs
Step 7 Step 8
{dentify "Best" gz:::::%
g | Candidate —® | Man agement —
Design Plan
Step 9
Proceed with
@ | Prototyping

Process

8



System Concept Evaluation Process

Develop Define
Functional & Model
OS:rt?\llles > Design ’ Requirements
J Requirements
Requirements- Identify .
. : Define &
Derived Alternative .
Evaluative > System > Cw.etlgh.t
Criteria Concepts riteria
Score the . .
Concepts What-If
> Vis-a-Vis the ——p- | Sensitivity
Criteria Analyses
Rank-Ordered
Alternative )
S System ~§> Prototyping
Concepts

@
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Decision Qutline on DSS H/S Architecture

Alternatives:
gystem Concept #1
System Concept #2

{ System Concept #3

Factors:

[E:]Bés H/S Architect™ e I

1 |Funct'l Requirements

‘2 iAnalyt'l Regquiremtt's i

§3 Flow Analysis l

l4 Iwhole River Simulate

!4 lThreshhold Analysis

4 I&uani-RT Analysis

4 |Realtime Analysis

‘u& 3 ;Map Partitioning

4 |8cenario-Driven

4 |Clutter/De-clutter

3 iQuerying

4 ‘COst-Renult Analyses

4 lcprarative Analyses J

4 |Sensitivity Analyses

2 jcomunicatn's Regm'ts

3 |Advocacy Reguirem'ts

4 JRegn'l Group Support

4 !Local Support

SR




3 |Policymkg Regquirm'ts

4 |Remote PMKG Support

§4 iLocal Support

ls lInvestment Strategy

S [In-Stream Analyais

3 lEducatn'l Raqurm'ts

4 lWAter Polut'n Educat

4 |General Pollution

4 |RR Basin Pollution

1 ]Design Requirements

2AIH/8 Architecture

3 |optimize Hardware

lOptihize Models

w

Ia l0ptimize 08 fTrands

Local Modeling

(¥

3 |Local/Remote Network

2 Design to Cost ]

2 |Design to 8chedule

—

S 3




Decision Results on DSS H/S Architecture

Alternative
System Concept #3
System Concept #2
System Concept #1

Comments: “Optimal™

Scorxe

98.55

75.84

57 .84

Comments
Concept foxr PC/NT-based DSS with full networking
Concept for UNIX-based seystem w modest networking

Concept that calls for UNIX workstation-based DS8

hardware/software architecture
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Decision Results on DSS H/S Architecture

Best § 98.55
7
{
75.84 /
57.84
% . 7
Worst / .
System Concept #1 System Concept #3
System Concept #2
COMMENTS: "Optimal® hardware/software architecture
w/
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Decision Comparison on Comunicatn's Reqm'ts

Best

Worst

Advocacy Requirem'ts Educatn'l Requrm'ts
Policymkg Requirm'ts

COMMENTS: Requirements that describe communicat'ns functions

-System Concept H System Concept #2 ISystem Concept 13
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Decision Comparison on Design Requirements

Best [
Worst e
H/S Architecture Design to Schedule
Design to Cost
COMMENTS: Requirements that refer to design considerations

.smem Concept #1 System Concept #2 lSystem Concept 13




Decision Comparison on DSS H/S Architecture

Best [ AR
Worst §:
57.84 75.84 98.558
System Concept #1 System Concept #3

System Concept #2

COMMENTS: "Optimal* hardware/software architecture

.Funcn Requimments [

e

Design Requirements
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Questions or comments on content should be directed to:

Dr. Stephen J. Andriole

715 Cornerstone Lane

Bryn Mawr, PA 19010
endriolc@DUVM.OCS.Drexel.Edu
(215) 525-5874

Or to:

Mary Skipp

Software Productivity Consortium
2214 Rock Hill Road

Herndon, VA 220670
skipp@software.org

(703) 7427298

Send feedback on the Consortium’s Video Program and
orders for video products to:

Technology Transfer Clearinghouse
Software Productivity Consortium
2214 Rock Hill Road

Herndon, VA 22070
brewer@software.org

(800) 827--4772




